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Although TAPR didn’t have a booth this year, 
packet certainly had. a strong Desa enee at. Fhe 
Dayton Hamvention. bi sf 


AEA and GLB each had protatype units ‘of € their 


new 220 MHz high-speed packet radios. 


The AEA unit is: dynthéssized - in 5 kd2 ae 
has adjustable ° power output from. about .5 to. 30 
watts, and ‘even has'a microphone jack for. those who 


wish to operate in analog modes... The demo unit 


the time they ship, ° 
sometime in mid-summer. | ~The prototype units at 
the booth weren’t connected: ‘up. 


The GLB unit, dubbed non is. “gl 
controlled, runs about 2 watts output, and. was 
running data ~at’19.2"kbps. For the astute 


observers. with: high- “speed pencils and notepads, 


the demo units were ‘sending source files for. the 
code in the new PK-2 packet . controller... 


440 MHz. 


the band .of your choice. — 


The Technical Excellence waa was wien ‘G 


Hank Oredson, 
art of message handling in packet radio. 

makes two out of the first four 
Excellence Awards for packet. radio! : Unfortunately, | 
Hank was unable to attend the Hamvention,. sol, 
stood in for him at the banquet and accepted the ., 
award on his behalf..° Congatulations, Hank! 


WORLI, for his. work in advancing the 
.. this. 


The PSK. Modem project is about wrapped up for . 
the initial batch of 200 units. Anticipated . 
shipping date is sometime in May, with the first — 
200 units priced at $100 plus-$1) S and H inthe . 
U.S.A.’ The price “will then be revised to reflect , 
our aetual ‘costs: (the ‘first units” pricing jis 
based - .on estimated costs, which are ‘usually lower. 
than the. actual. costs -- ask any defense 
contractor...) and the next 200° cranked up for 
a probably June shipment. “Of course, the second 
batch date .could slip - 
problems with the first units. 


«sthere should be no user documentation, 
ere ‘£0 design, it. anouls be hard to use! 
runs at 9600 bps, but an ABA representitive stated’ 
that the units would be able to run at 19,2. Kbps by .., 
which was estimated to. be. 


ee ak “Tuning Indicator kits. -. 
Not to be: ‘eiedorie by the “commercial ‘interests, oS 
the GRAPES (Georgia Packet group) guys showed .up . 
and demonstrated a 56 kbps system running TCP/IP on - 
Their design.is: based on. a 29 -MHz. ...:: 
transceiver and a commercial transverter to . to 


Technical | 


‘L£ we find any major 


The. PSK project has been a pretty intense 


effort, with Tom, W3IWI, doing the prototype work 


N7CL, doing four (!) layouts as 
As of 


and then Eric, 
the design was refined and parts arrived. 


. this writing, about 98% of the parts have arrived 
- and the pc house.is busy cranking out PC boards. 


The assembly and -test::documentation is about 80% 
completed, .and the-theory and interface sections of 


oo the manual are “in progress." 


» Shucks, | 
Creed, Article :.V, that . 


If it was 


‘which states, in effect, 


phe. “weekend. ‘o£ May: 20 the ARRL 


“Committee - will be meeting. .J£ you have any inpouts 


for mods to .AX25 -L2 V2.0,.0r any other matters 
Er ba would like -considered,’. 
ory today: to either 


please .send them. in 
myself c/o the TAPR PO Box, or 
directly ‘to Paul Rinaldo; ARRL, 225 MAin Street, 


_ Newington cT 06111. . 


In closing this month, I Would like to point 
out that. we again have the KING 9600 bps-modem 
boards in stock at the. hee acd with plenty of 


Lyle 
> PRM - 
“(FAPR MEMBERSHIP APPLICATION 


~“teson AMateur Packet Radio Corporation 
P.O. Box 22888,.. Tucson, AZ 85734 


“Name: 


‘Callsign: License elass#_—_— 
‘Address: 

City & State: “GIP: 
Home Phone:_ 


"y hereby apply" ‘for (select one), full/associate 
‘membership in Tucson Amateur Packet Radio Corp. I 


_ enclose $15.00 (full)/$5.00 (associate) for one 


“year’s membership dues. I understand that $10.00 of | 
my dues (full members) is for subscription to PACKET | 
RADIO MAGAZINE (PRM). Associate members ,do not 
“receive any publication... 
associate membership dues and $5. 00 of the full.. 
"membership dues go to support | TAPR‘S research and .. 
“development activities in packet radio. My 


“signature indicates that I desire to become.a APR : . 
member ae to BUpecrI De to” ‘PRM (full members easy Ve 


Signature: Date: ~ 


8 VS. oh im ” PACKET. RANIO MAGAZINE 


maybe we. should adopt the Software 


Digital: 


The entire amount of the © 


iv 


. the overdue Jan/Feb. issue to press. 
‘accepted my offer. to publish their rebuttal and 
. .comments and both are presented below. without.: 
'. modification. 


. ‘One Final ‘Editors Note: 


In the January/February PSR section of PRM I made. 
some clearly marked editorial comments about - 


- technical and uSer. issues in the articles by Eric 
-Gustafson and Dan Morrison. 1 sincerely apologize to - 


‘both Eric and pan for not-clearing my comments with 


them prior to publication. This was a-distinct—- 
“error in judgement on my part during the rush to get - 


It is unfortunate that. one of them ° 
felt the-need:to use this forum -to-question my - 


integr ity based on his tnfounded assessment of my - 


motivations, I “m Sorry: gentlemen! 


Gwyn: needy, PSR Baitor 


“paitor PSR! 
Please publish: this tater: uritouchea or rie not’ at: 
all... Ineither case, this letter: will be: posted on™ 


-» CompuServe, timed to coincide with release of the ™ 


present issue of PRM, ; 
It.was’ with shock and disgust. that’ I read the 
"editor's notes" that you, as:owner of Pac-Comm, 
wrote at ‘the .end of my» article and ‘sprinkled™ 
‘liberally throughout Eric’s ‘in’ the January-February © 
issue of PRM. In fact, 


- less than’ the: squeal of pain: by a commercial vendor © 
_in response to implied criticism of -products he - 
“manufactures... Let me address your comments in 

' detail... : Mae! Be te Bones 


l. You state in the first paragraph of the comments 
. following my article, ".. .For usage on a dedicated 
packet frequency, ‘or'on a multiple: use frequency | 
“where transmission on top: of.an existing voice user 
‘is undesirable, theuser: may: wish to consider . 
‘ whether detecting only other packet signals is the 
most appropriate method of operation.” 

Gwyn, the fact is that. there are NO "multiple use" 
‘frequencies at any given.moment. ..Fither the voice 
Qso is interfering with the packet ‘QS0 or the packet 
QsO is interfering with.the voice QSO.. - Packet 
operators shouldn't. be operating on top of a voice 
QSO in progress. If the voice user encroaches ona 
packet QSO in progress:.:and finds’ it’ unpleasant,. 
‘that’s ‘his look out. In the early days of Amateur 
packet radio there were: many experiments carried out 
on FM: voice repeaters to: see “how ‘compatible the two 
modes were.. ‘The universal response from all voice 
users knowingly or unknowingly -"sharing" the | 
repeater with packet activity. was that packet was an. 
unwanted, highly unpleasant form of interference, © 
This feeling continues to this day among voice : 
users, and must. certainly be the case on HF, 
especially 40 meters. Here most. SSB: Operators 

“sharing the channel". live in South America, and . 
‘many of them seem totally porivious to: any other , 
mode of operation. 

There are only greater. or. Aeaser ‘degrees of . 
interference. Under these .circumstances,.-to accept . 
anything less than.the best: technical.means for . 
generating the Data Carrier Detect (DCD) ‘signal 
serves no purpose except to Babess increase the .. 


They have both — 


“2, You mention two reasons for using ‘tones ‘other’. 


: these self serving,” 
“technically incorrect comments:were nothing more or _ 


PLL also works better, 


“offered ee to the: ae han, and to -ORM other 
packet transmissions. -The fact of the matter is,. 
the best DCD detectors in current Amateur packet 


--INCs are the ‘ones based on quadrature detection in a 
“PLL... 


Envelope detectors work poorly in interference 
(the norm on 40 meters), and are typically’ turned 
’ down. to the point. of non-operation.” ony 

‘The jury is still out on:DCD: derived | from ‘the 


= digital PLL in TNC 2’s state machine, and I would be’ - 
-very interested to compare its performance to that ©... 
‘of the DCD derived from the quadrature detector in =. 


; the 2211 PLL. .I will offer a comment, however. 


> Once the bit ‘decision has been: made, as is thecase.. .. | 
aby: the time.the-state machine-sees:the-signal, alot =~ 
“of information has been lost. An off-the-cuff. guess. * 


then, would be that it will-not be as:effective as ° 
the 2211 quadrature detector DCD. .. 


:°DCD,. with the commonly used circuits, takes full. --. 
_ advantage of the additional. information available: :: 
‘“prior to the bit decision.. 


“than 1600 Hz and 1800.Hz . for. packet .modems:.,..to use 
“RTTY filters on packet, and:because the- Exar 2211... 
“*may perform better with more signal transitions per 

data bit and a smaller frequency shift." In.fact,. 

the 1700 Hz center .frequency was picked by -TAPR -for. . 
-a very specific reason...It is because 1700 Hz puts 
“the signal close ‘to. the center frequency: for .all.the . 
“bandpass filters ’in.:the:.signal. path in. radios... 
normally used for .voice.. “This means ‘that distortion ». 
_of both. phase and amplitude is probably less for: 
“packet signals centered at 1700 Hz than for higher -: 
“or lower frequencies... I use the word "probably" .- 
‘because it’s always possible to sell radios with 

“particularly atrocious filters (including audio . 
filters), which operate better closer to a band edge. . 

than in.the middle of the passband. Hopefully this 
is the exception rather than: the rule. To.argue that — 
one should ‘use RTTY.TU filters. on.packet.is to argue .. 
“for sleaze, 
Optimized for its intended mode, it will be far from 
‘optimal for 300 baud packet... The:.incremental cost. 
to add a demodulator. tuned to frequencies different 


from those used on RTTY is small. .-The fact is that...’ 


it costs less to use aPLL.than the usual: 
complicated collection of active filters, envelope | 

detectors, and slicers found in:most RTTY Tus... 
according to the most 
unbiased and carefully thought. out experimental. 


investigations. reported. to .date,..i.e.,..those.-:. 


-performed by: Eric...: Interestingly, the - PLL... 
.demodulator is the only one which can be retuned: :: 


easily to ANY center. frequency,..by adjusting :a. os 
(Incident ly, . the.use of a filter/slicer:” 


single pot. ° 
. demodulator in a RPTY TU is perfectly proper,.as-the- :- 


data rate go cota Sacen tay less. than the tone... 


Separation. ) 

.Your final argument. for using a center frequency... 
“other than 1700 HZ,. concerning signal transitions. 
per bit, simply doesn’: work.out, although there... 
seem to be several TNC manufacturers who believe 
“this. If the loop filter and post-detection data 
‘filter in the PLL.are correctly designed there | 


Should be little if any difference in error rate. . 
performance regardless of center. frequency, with the. ~- 


‘stipulation that the lower tone frequency should not 
be too close.to the baud rate (1600-Hz at 300 baud. -- 
ds perfectly adequate, mee about 2°percent bit «--: 
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On the other Bi 
‘hand, it is an: open question.whether the 2211 based’... 


If the Filter-based RTTY demodulator is. oF 


The ee . 


ciming errors for high. SNR eanaies y ‘would be. 
interested to see experimental] -data”™ backing up- 
claims for improved operation me to an increase in 
center. frequency. 


It turns out that there IS one argument for using» 


tone pairs near the the standard RTTY frequencies. 
Interestingly -enough,:. I.have never -heard:.a 
commercial TNC manufacturer. mention this.as: a reason 
for using a center frequency higher .than-1700°Hz on 
packet. Yet,. it may be.the very reason. for the 


original selection of the RTTY tones in-use today.. 


The argument is this:. For a number of :commercial 
receivers, if you select SSB as the operating mode 
{thereby «setting the BFO offset..frequency)-.and 
switch .in-your 500 Hz CW filter,-the center of your 
IF passband will be very near either 800 Hz or the 
midpoint of the RTTY tone pair depending on which 
sideband was selected. .For those of us with an-IF 
shift control .it is no- problem to-translate.this to 
1700 Hz, but:there are undoubtedly: a lot of-rigs 
that can’t. do this. 


complete flexibility to their. products:) 


The use of a 500 Hz filter on HF packet makes: ae 


dramatic improvement in =.performance’ under 
interference :conditions;. 


the choice. of using a limiter or not. . . 


3. The last technical issue. you. ‘raise i in: the. 


comments following. my . article concerns: tuning 
indicators, 
ways to doit. 


use. However iy (subjective) experience,.and that 
of many people Ive talked to. on HF packet, is that 


the single-lit- -element .design based on PLL..loop ..- 
stress is superior:to others in-ease.of operation .. 
(including its use:for centering the IF shift when. . 
It is .also easy to. 

. approached me and. said that you had indeed received 
--a phone call: from Mike Lamb at ABA. 
he told. you’ that. I. had agreed to the text of a 


using a 500 Hz filter). 
implement. 

Now I will address the ethics of your position-in 
commenting as you did, ;Gwyn. 

It is conventional and expected in the publishing 
industry that. journal. editors will return. page 
proofs or other copy to authors when editorial 
changes have been made to their articles. 


' withdrawn. This has been my invariable.experience, 


regardless of whether I was dealing with: scientific . 
or technical journals, or publishing in the Amateur .. 


press, 
You did not do- this. 


opinions until the February TAPR meeting. At that 
time you sheepishly: approached us and told.us what 


to expect, as PRM had already gone to press. When. 


‘you mentioned the content of your notes it became 


clear that misleading statements had been. made,..to . 


which we would have strong objection..This is an 


abuse of your. -position-as designated ‘editor. of . 
TAPR’s newsletter. AS was pointed out at the. TAPR . 
board meeting:.in: which it was agreed::that.PSR move. 
to PRM, the potential for .a..conflict of interest .on 


your part is ever present. At that time you gave 


assurances in the seeongers possible language eee : 


this would never happen. 
am very disappointed. 


: Editor, PRM: | 


--In either case,. 
CompuServe, timed to coincide with release of the 
_- present issue of PRM. ..-. 


(It sure would be nice if. radio . 
manufacturers.stopped dictating:how the IF strip“is.. 
configured based on.operating mode, and restored a 


. SO. 


especially for TNCs .. 
incorporating a limiter early in the demodulator...; 
Only Kantronics,:.to the best of my knowledge,. has. 
addressed this point, giving owners.of one. model :TNC :;.. 


The fact is, that there are several -... 
There’s undoubtedly plenty of room.- 
for subjective judgements on. quality and ease of |. 
- “published... 
- edit out as. large a block of text as I had devoted 


varticle., 


If the... 
author differs with the editor, these differences . 
are either worked out or else the-article is. 


-prior to. publication... 
In fact, you.did not even- 


indicate to me or Eric that you-had done -anything by... 
way of altering our articles or injecting your.own ... 


requires skill that new packet. operators may not:, 
possess. 


Well it has happened. . I ; 


_ Dan Morrison, KV7B 


‘Please publish. ‘this; garter: untouched or not at all. 
this: letter will. be posted .on- 


This letter .-addresses. your editorial. comments . 


inserted into my article on HF madem -per formance in. 
the January-February 1987 PSR which was published as... 


an insert to: PRM.. 2 
Just prior to ‘publication of. my article Tt ‘received 


a call from Mike Lamb-of AEA indicating that he had . - 
sheard that I was .doing-some comparison tests. He 
asked me to summarize my.findings for him and I did 
He was surprised atthe results until I told | 
him that.all.of.tthe testing had been done with a 500 . 


Hz filter in-the-radio- LF. -strip., ‘He then 


-indicated to me.that-he was-concerned.that people 
reading the article might not .realize-that a narrow 
-filter had indeed been .used: 
-had clearly .and. ‘unambiguously - included this 


IY assured-him that. I 


information in the text.of the article. I told him 


‘that I had already ‘submitted :the text for 
publication but had not .as yet seen a final. version 
/.of what would-be printed in the magazine after 
“editing. 
information. might .have been .edited out..and asked if 


He said that he was.concerned: that this 


it was ok with me.if he called you (Gwyn Reedy) to 


. be sure that the-information about the filter used 


in the radio was indeed included in the article as 
f.told him Iwas sure that. you wouldn't 


to discussion of radio bandwidth, -but. he was free to 


call and find cut . for himself. 


At. the TAPR annual. meeting. in February 1987 you | 


"couple" of editorial comments to be placed in my 
I never entered into any such agreement, . 
and that you would not-bother to check with me is 
shocking, in view of the fact that all.these 


insertions substantially .modify or outright 
, contradict points made .in the article, 


Also,. I was 
never given the opportunity: to. review the comments 
If .1..had, I would have 
insisted that they.be. ‘removed or J would have 


: withdrawn. the article for publication until we could 


resolve our differences. _. 
_Now let me discuss. the. comments themselves: in 
detail... 


to make in the ae Poa 
Ed Note #1: : 
"Most CW filters. are. ‘extra. “cost options “and. 


therefore may not be installed in many transcievers ee 
if the owner is not..interested in optimum CW. 


performance. -Properly adjusting (or modifying) the 
radio to center the filter over .the:packet. signal. 


Therefore audio filtering .on the “TNC” 
device may be the best approach for commercially 
prcduced TNCs." 


Rasen mee ae rk weet 


-You said that 


All.but.one of these comments is misleading nee 
~. and obscures the clear. technical. Route I .was eck: ooh 


I ai concerned that. although not explicitly stated,.. 


the inplication of this editorial comment is: that a 
. filter at-audio’ is “an acceptable alternative to: 


having a filter of appropriate bandwidth -in the 
The plain fact is that this simply isn’t - 
First, 


radio. 
true. ‘There are two main ‘reasons for this. 
due to the simultaneous use of the channel by 
.Multiple stations, the improper performance of. any 


‘one station’s demodulator. degrades the performance : 
of the channel for ALL of the other stations. 
'.: Therefore‘all stations have.a responsibility to: 


‘ configure their radio proper ly for the mode. Note 


that this‘ is. fundamentally different. from the “case: 
On- these" | 
~ trimpot. © 


- Of operation on modes ike. RTTY or CW.’ 
modes, if a decision is made by any one ‘station to 


“ accept the performance degradation that accompanies: 


excessive radio bandwidth, that station “is the: only 
“one which pays a penalty for the decision. 
busy ‘packet channel, “everyone is forced to pay. 


Second, the performance gain dueto reducing. the: 
radio bandwidth is substantially larger than the- 


' gain due ‘to: reducing ‘only the demodulator. audio 
bandwidth:.- Even a:demodulator with filtering at 
., audio will perform substantially better when the 
radio bandwidth is appropriately: limited than when 
ic is-not.: 


| ‘adequate ‘performance from packet radio operated: at 
300 baud (A)FSK with: 200 ‘Hz shift,’ he or she WILL 


have the 500 Hz filter installed in the radio 1.F. 


strip. This will be true regardless, of any 
filtering done at audio frequencies. 9. 

Your editorial comment also imp] ies that ' HE packet 
operation is-an appliance operator's” mode. This: is 
not true and it will not be the case for some time 
to come, 
manufacturers have such a’ low opinion. of their 
customers’ abilities. 


who is on HF packet. 
‘capability of ALL of them. Anyone’ who feels 
' incapable of doing the job will no doubt do the 


“thing hams’ have traditionally done ‘ih: this: 


'. situation, hé’ will seek’ (and receive): help from 
another ham“who IS capable in this area. : But first 
he needs: fo shave the’ knowledge that | this is 
necessary. 

That was’ one Sof the main reasons for writing the 
article inthe first place. Many radios are in 
. operation : which do allow the operator to select the 
appropriate bandwidth independent of the setting of 
the mode switch. A few which spring to mind are the 
old Drake twins, the KWM-380 series, any of the 
modern transceivers which have provision for an 
accessory narrow ssb filter (these tests were run on 
a TS-430 with a 500Hz2: filter installed in the SsB 
narrow position), the TS-440 / 940...etc. Any of 


the radios with variable passband tuning such as‘ 


the Yaesu FT-757-can be warped around to'provide a 


significant degree of selectivity in the I.F strip | 
In the 
limiting case, if the radio is to be dedicated to HF . 
packet operations (as many are), the narrow filter. 
can be installed in place of the wider SSB filter.’ ” 
Very little skill is required to do this to ANY SSB - 
- commercially available solution’I could either spend - 
‘on the order of $150 for an outboard modem based on 

- filters or I'could spend $45 on. a 500 Hz CW filter >: 


allowing direct selection of the CW filter. In ‘to put in the radio. 


properly centered on the packet ' signal. 


transceiver. 


Radios which provide for direct SK while’in cw” 


mode can also be used in this mode for packet thus 
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‘standards, 


-TAPR TNCs and clones based on the 2211]demodulator - 
‘have this problem either. Realignment of tte 2211. 
--demodulator center frequency in these units requires’ 


‘would seem to present very” little. problem for’ most : 
On-a- 


‘detrimental to include-a‘fildter-at audio. fo 
‘sure, if the radio does not-have:the appropriate.) 


CW performance’is not the issue here.» 
-If the owner of the radio is interested in getting ®: 
‘-world, a filter at‘audio can never be as effective: 

‘“as one’which is ahead of the’ aGC detector-in the~ 


‘system, 
Tt am disappointed ‘to sée that some: 


I do not “believe that the ° 
skill required’ to: configure the radio properly’ for: 


“the mode is beyond the capability of the average ham — 
It CERTAINLY is not beyond ‘the | 


“filter inthe ‘TNC... 
‘is ultimately’ passed: onto the consumer (Please let 


‘audio filtér 


frequencies, 


‘fact, I have worked many stations on’the air us ing 
- exactly this scheme. 
though some-of them hadnt yet recalibrated. their 


It has worked very well even 


shift upto 200 HZ from 170:HZ- 3.5 . . 
Centering: the demodulator ‘in. the: ‘receiver passband cee 
is a problem only for those: demodulators which are.” - 

difficult to align: or :make no ‘provision for 
operation on frequencies other than: a few land line»~ 

_ At. least one ‘commercially ‘available TNC 
‘None of ‘the: 


has user-settable-modem frequencies... 


only the adjustment. of “exactly. 2-(one) “20 turn 
Since this represents a large fraction ‘of « 
the operational TNCs, modem frequency -ad justment ° 


‘packeteers. 
Nowhere in the article: ‘do: 4: ‘Suggest: that™ it is? 
“Tob 


bandwidth 1.F:° filter installed,. ard: the audio“. 
filter doesn’t. degrade the dynamic range-of the 
demodulator, in-the absence. of. adjacent. channel. 
‘interference,’ a filter at.audio: will slightly: 
improve the demodulator : per formance:.. However, due < 

to AGC capture considerations, operating in the real 


radio.- Unfortunately this is especially true of the. 


'typical filter slicer type demodulator ‘since it is — 
“much More sensitive to: audio: level -variations than 


are the non filter -based demodulators. - When an 
unwanted signal is operating’-the receiver AGC 
the result is wide variation in audio level 
presented to the demedulator. oo 
' Now, to the issue of extra Cost... We are talking” ; 
about configuring a station -to' operate on a néw mode ~~ 


“which is significantly different from the modes-in °- 


‘use when most of the radios. ‘currently being used 
were designed. A TNC is required. This is an extra | 
cost Option costing approximately $100 to $400. A. 
terminal or: computer is required. ‘This is anvextra’ 


“cost option ‘costing anywhere from $25 at the flea - 
market for a used VIC~20 to many. thousands of .~ 


dollars for a full up AT or‘clone, «I don’t really™’* | 
feel that the additional cost of a.proper filter for’ °.” 
the radio will hinder anyone who has already decided: 9: | 
to spend money on the above items in order to get on’... 
the mode... In fact, there is a significant cost’ 


‘incurred by. a manufacturer when he installs ’a~ 


complex,” or difficult to align (or both) audio: 


I can only assume ‘that this cost “ 


me know if THIS is not true!). Therefore, even an ~ 
installed’ in the TNC by the. 
Inmanufacturer can. be considered an extra cost option... 
The real issue thenis since an extra cost filter is: 
needed, .which is*the ‘most effective choice ona 


“cost /per formance basis: 


‘In my case, I already ‘owned a TNC ‘with a modem in 
it. This modem was not ‘based on filters and did not 
include any significant filtering at audio 
On HF, the performance could be 
‘improved’ either by filtering at audio or by. 
filtering in. the radio. tf I was-to obtain a 


Needless | to say, I chose the — 
continued’ on page 15. ea 


“Plugs -in FSK Modem for TNC: 20 


a 0 COPYRIGHT 1986 by Gil Mays, VKBAGC 
ALL RIGHTS RESERVED . | 


The plug-in FSK peaan design aekesitad herein -is “the copyrighted property of. Gil Mays, VK6AGC. 
You are granted permission to use this design:in'a non~commercial. environment, and to copy it and 


distribute it, provided that the following: conditions. are satisfied: 
1. No fee may be charged for such copying and distribution: 


2. This documentation including the” PC board artwork may ONLY be distributed in its original, 
unmodified state. ‘ae oi 


Any voluntary comer ibakions for’ the “use: or this: a design ‘and documentation presented here ~ 


Will be appreciated from any users who find it of value. wo 


Whether or not you make’a contribution, you.ate encouraged. to copy. and distribute this documentation to 
other packeteers,> . provided that the above cea are satisfied. Bog 


A copy of this "aoaibencecion including the PC board: artwork picte: ‘may. be obtained for $10 and ‘should | 


be sent to: 
Gil Mays, VK6AGC 
74 Moolanda Blvd 
irae WA 6026 
“Australia: 


For documentation orders outside Rost raliae= please add. an " additional $5, - and enclose an 
international money order paypte in. Australian ccurrency.. 


“GENERAL DESCRIPTION 


This article presents a plug-in sodein PC beara: ‘designed for. the” “TAPR TNC~2. and clones and 
implements the Advanced Micro Devices Am7910 "World chip" modem Ic [1]... The circuit diagram for this 
design is shown in Fig. 1. The PC board artwork plots are shown in Fig, 2. 


The Am7910 is a complete asynchronous Frequency Shift Keying (FSK) modem in a 28-pin DIL package, 
No external filtering is required. Signal modulation, demodulation and filtering functions are performed 
by digital signal processing techniques. The device contains. on-chip analog-to-digital (ADC) and 
digital-to-analog (DAC) converters. Oy iow Pteite, ant Mss 


An external clock signal is provided by the TNC-2 and is applied to the device. All the digital 
input and output signals (except the external'clock signal) are TTL:compatible.,. The power supply 
requirement is +-5 volts which is supplied by the” TNC-2. The device can. operate at rates of 300, 600 or 
1200 bits per second, and is compatible withithe recommended standards for Bell 103, 202 and CCITT 
v.21, and V.23 type modems. Five. mode control. lines allow the selection of a desired modem configuration. 


MODES “AND MODE CONTROL INPUTS © . 

The mode control inputs on the Am7910 (pins-17-21)-select.the . desired modem configuration. The 
appropriate modem can be selected by setting :the voltage on the correspmiding inputs to a TTL high or a 
low. A DIP Switch is used for this application, and allows the user to change the modem setting as 
desired. the individual switches are designated as follows: 


Sl-Mc4, S2-MC3,  S3-MC2, S4-Mcl, SS - MCO 
These five inputs select one of thirty-two modem. configurations according to the Bell or CCITT 


specifications listed. in er 1 below. However, ae 19 of the 32 modes are actually available to the 
user . Sn, Biss 


Modes 0 to 8 are normal Se a ‘the 1200 bps ‘modes can. be elected with or without a 
compromise ial (I recommend using it for Bell 202!). 


“LOOPBACK MODES — 


Modes 16" ‘to’ 25 aré loopback: modes. These modes are usually used for testing the modem: ‘which permits: 


"loopback" of the Am7910 modulator and demodulator circuits, as described below. ‘this is required when 


using a full-duplex mode, such as Bell 103 or CCITT V.21, in half-duplex packet operation, as used on . 


HF. Whenever a loopback mode is selected, the transmit and eee filters are set to the same channel 
frequency band so that loopback can be performed. 
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Loopback allows the analog output, TRANSMITTED CARRIER, and the analog input, - RECEIVED CARRIER, to be 
connected for local ...analog loopback testing. . Alternatively, ‘the digital, input, TRANSMITTED DATA, and 
the digital ouput, RECEIVED DATA,. can ‘be. connected externally, allowing a'remote modem to test ‘the - 
local modem-with its digital data signals ical back. ° -~e x connect these signals as loop back testing 
of the modem is: not necessary is : . . 


‘The . acopback: facility is used to permit rection on HF using the 300 bps filial prokecele ‘in. . 


the half-duplex packet. environment... If a’ full-duplex ‘mode’ is selected without » loopback. (sl. 7» MC4 Bt 


closed!) the... modem will transmit on. one | Freeney. Ee 4nd receive on: another pair: seas aye 


7 MODE SELECTION 
i : : NOTE: Modes 9 to 15, and 26. to 31 are reserved and ‘should NOT be used. Be io 


For our packet radio requirements, gnly Four aoles are used: jioaes 2, 3. 16,. : and. 22. ‘Table 1 : 


“> below shows the switch settings and binary codes for these modes. -Modes 2 and 3 implement the Bell 202 


a ““protecol, 1200 bps |‘ FSK.half-duplex “used on-2 meter VHF networks.: The Se! Gene lens — 
_ -@and mode 3 is in the demodulator filter response, Boe hg cg Gee: : 


Mode 16 is the pel. 103 Originate’ with’ loopback), gull-duplex 300° ee 200 . ee oshift - for. HF pater : 


‘operation when communicating with Kantronics type TNCs. Mode :21. is the CCITT V.21 Answer..(with..... 


loopback)’ protocol, -full-duplex 300 bps 200 Hz one for cea alee ad ae type TNCs. This is dau 
mode that is used most for HF packeting.: : : 


MC4 C3 MC2 MCL MCO . gt ee eee 
a) Bell 103 Originate 300 bps full duplex 


0.0 O 9 
0 0 0.0 1 | Bell 103-Answer 300 bps full duplex 
0 0 .0 1. 0... Bell 202:1200 ‘bps half duplex. 
0 0.0.1 1... Bell 202 equalized'1200 bps half duplex 
0° 0° 1°°0 °-0%°"CCITT V.21 Originate 300 bps full oe 
0.0: 1.0 .1.. CCITT V.21 Answer.300 bps full duplex -: 
0 0 1 1.0 CCITT V.23 Mode 2 1200 bps half ‘duplex 
60 0 1 £1 #1 ..cCITY v.23 Mode 2 equalized 1200 bps half duplex 
oO 1 0 90.40 CCITT v. a3 Mode . aoe bps nore — 
ge Occ EO) OE ee 
cea teoae “ee | aaa ae | 
0 1 0 Lhe ROT 
LOcels Sb oO 2G Reserved 
Se (ee ae Mie ea 
a eee es ee as mes So actage eae 
1 0 0 ©-.0 Bell 103 Originate mieeaee 
"2-0-0 0-2. © Bell "103 Answer loopback 
“20. 0-2 0° Bel] 202 Main loopback 
“Lh. 0.0 P10 Bell 202 equalized | ae 
Lhe OT 0 Oe 'CCrrr v.21 Orig. loopback: | pete 
“1°°0 1 00°21 © “CCITT v.21 Answer loopback °°; 
1 0 1 #1 O CCITT v.23 Mode 2 loopback 
1 6 1 1 1. CCITT v.23 Mode 2 equalized aa 
1lo1 0 4.0. 0 CCITT v.23 Mode 1 alee . 
Yo1 0 20 12 CCITrr v.23 Back. ‘Loopback : 
2° 2000° 21 30 0: een — 
1 1 01 ° +21 
BD ek 20.20) 7c, 
1 1 1 O° 1 ‘'Reserved 
BE ed, SOS Ce 
De ee a ne 


Table ] — Mode Selection ae 
Note: i indicates open ret 0a cieeea switch 


NODE (CONFIGURATION 


‘Bell 103 and cCCITr v.21 are full-auplex “neckocole -- the modem receives on one pair of » 
tones: and. transmits .on another pair simultaneously. ‘Since, when operating.on HF, -.the modem needs to — 
transmit.and receive on the same” imate Pathe ‘che POPE modes: are sed: for normal Packet 
Sper ar hon: on HF. - ‘ : i, 
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Transmit ~ Receive 
Frequency Frequency 


Modem. oe, Rate’ Dup _ ‘Space ark Space ‘Mark - 
Bell 103 Orig... .... . ,; 300 Full 1070-1270. 2025.2225_ 
“Bell 103‘Ans =. 300 Full 2025 2225 1070.1270 | 
CCITT V.21 Orig | 300 Full 1180 980 1850 1650 
CCITT v.21] Ans 300 Full 1850 1650 .1180 980 
CCITT V.23 Mode 1.. ~,, ,§00 Half 1700 1300 ..:1700 1300. -.: 
.. CCITT V.23 Mode. 2. . 1200 Half ..2100 1300°: 2100.1300 
. CCITT V.23 Mode 2 Bqualize : 1200 Half 2100 -1300::.:2100 1300... 
‘Bell 202 ia By 1200 Half 2200 1200 2200: 1200 
Bell 202 Equal. . 1200 Half 2200 1200. “2200 1200 | 
CCITT v.23 Back. -. «=. 75..-.. 450 390. 450 - 390 
“Bell 202 Back . Kay : i 5 ms al an se “3 ek ee 


* (BRTS LOW) and. (BTD HIGH): 387 HZ at TC (ERTS HIGH) or (em LOW) = 0 volts at wv. 
** 387 Hz at RC: BCD .LOW. No 387 Hz at-RC: BCD HIGH .. 
Unis information is not applicable for packet, operation) 


“Table 2 — Modem Configuration cae 


THEORY OF OPERATION 


The moduiator: receives 3 binary digital data in NRZI | “format -- ‘ecom:: the INC, . “and converts the data to 
an analog signal using frequency shift. keying (FSK) modulation. The tones produced by the :modulator are . 
digitally synthesized sine functions. The digital signal. is sent ...through bandpass filters, and the FSK 
signal is converted to an analog signal by a digital-to-analog (DAC) converter. This analog FSK signal is 
then passed through an analog post filter. 


The recieved signal is an .FSK-modulated ..analog. carrier.. ‘The | first aes of the demodulator is an 
analog pre-filter. The output of this is converted into digital. form by an analog-to-digt al (ADC) 
converter, and filtered by digital bandpass filters: to improve the signal-to- noise ratio. The 
bandpass. filtered output is finally digitally demodulated ..to recover the binary NRZI data. A carrier- 
detect signal (DCD) is also digitally extracted from the received carrier to indicate valid data. 


.. CTRCUTT ‘DESCRIPTION . 


When one of the mode control switches, S $1-s5,_ ‘is’ open, the corresponding mode control input is 
set to 5V (logic high) via one of the pull-up resistors, RI-R5. When one of the switches is closed, the 
corresponding pin is grounded (logic low). The large value (470K) for the pull-up resistors (R1-R5) 
reduces the current drain on the 5V supply. To select a.modem configuration, the appropriate mode 
control inputs are set high by opening the conresponag switches (Table 1). 


A low logic level.on the ‘Data. Terminal Ready. (prR) input indicates the data _ weciiindl’, or TNC in this 
case, is ready to send and/or receive data via the modem. This input is permanently pulled low. via R6 
to enable all other TTL inputs and outputs. 


DATA pebesrroN 


When the receiver detects a valid carrier, . which has been present for a specified: period of time,’ a 
low appears on the Carrier Detect . (CD) output. The Received Carrier (RC) input is the analog signal 
received at the RX Audio (J2 pin 4) pin of the TNC radio connector. . ‘The modem extracts the information 
contained in this modulated carrier and converts it into a serial data stream for presentation at the 
Received Data (RD) output. Data bits demodulated from the received carrier input.are available 
serially at this output. HIGH (mark) indicates logic 1 and LOW (space) indicates logic 0. 


The digital: ‘NRZI data is “sent . to the latch (us). and state machine (U6) via the. méde'm disconnect (34... 


pin 17) which recovers the ‘clocking information and converts the NRZI to NRZ format. for presentatia. at nae 


the STO (U21). 
DATA ‘TRANSMISSION 


Data. transmission . is initiated by asserting ‘the Request To send (RTS) input: to the modem... When. 


the TNC is ready to transinit, the SIO.(U21 pin 17) asserts the RTS line which is presented at 34. pin... 
5. A logic . low level on this line causes the modem to enter transmit mode. This input remains low for - - 


the duration of data transmission. 
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At the end of a delay initiated when therTs goes low, ‘the | ‘Clear To Send. (CTS) output goes low. 


- The TNC will not send data until the CTS line is asserted.. This signal.is an input to the SIO (U21 pin 
-18) via 34 pin 9, which activates the PTT lihe low via’ the watchdog timer.. 


pata “bits to be transmitted’ are. ‘preented” serially at the ‘Transmitted | bata’ (ov) input. the NRZT binary 


. data present at.J4 pin 19 is the data from the TNC which is avai tebie: oe Ents sapthe HIGH (mark) 
a corresponds to a logic 1 and ‘Tow (space) Rerresvonds to a logic 0. ae 


‘This data determines whieh’ frequency is presented: at the “transinitted Gatrier: (re) ee pin’ 3 


"according to modem selected (Table 2). The-transmitted carrier output is the modulated carrier which is” 


filtered and sent to the TX audio (J2 pin 1) pin on the radio connector, | No signal appears at the : 


transmitted carrier output. unless: RTS is low. 


Data transmission. continues until RTS is' ihaaserted: “Following a short aeiay,: cTs goes cee AS soon as | 


“RIS is high, the TD input ‘is ignored and the Tc output is set to 0.0 volts. 


° the Back Requést ‘To Send (BRIS) line is the’ only “back channel" control’ dine which must ‘be’ connected. . 
This line must be set to 5 volts, unasserting BRTS for normal operation of the modem. For'this reason, . 
a 12K pullup resistor is used.’. An explanation of» the -back “channel operation is not within:the scope » 
of this article, however, an understanding of this is provided in the data and application notes [1]. 


INTERFACING THE MODEM TO THE TNC-2 
.The PC board is.designed to interface to the TNC-2 by plugging into. a 20-way. DIL male eader on the. 


modem disconnect, J4. Not all of the signals available at J4 are required by the modem. The only - 


. volt (pin 3), RC (pin 4), TC (pin 5). 


‘signals required ‘at this‘connector are: TX Data-(pin 19), RX Data (pin ’ 17), GND (pin .15))°!:5V (pin Se 
16), CTS ‘(pin’ 9), PIT (pin 10),.--and RTS (pin 5). The other: signals needed by the modem are provided *” 


at the 5-pin’connector (P2)'on the modem PC board.’ Theses signals are: Clock (pin 1), CD(pin 2), -5 : 


Do NOT .cut all of the traces.on the solder-side of the TNC ¢ beard, beGuben each pair of adjacent oi 


pins of J4.° Only cut the traces between pins 5.and 6, pins 19 and 20. Pin 1 on the 20-way header 
Se a to pinion J4. fae oe ee oe 


“volt regulator, U3 7805, is replaced with a 3 amp version, 78T05.. A wire is soldered from the. +5 volt. 
output of the 78T05 to. J4pin16 (this pin is normally unused on the TNC-2) which provides the -5 °«— 


7 +V ab Sv SUPPLY 


The 5 yolt ad s yolk power aipoiy: togiiccncee ‘of the modem is 5 wintioble on 1 the TNC-2. | ‘the =) | 


_ Volt supply to the modem. .The -5 volt supply available on the Tuning Indicator connector,. J3 pin 


1, ‘is a. suitable pick-off point. A wire is soldered from 93 pin 2 “(for convenience). to the 
corresponding pin on the modem oat P2 pin 3. pee a a8 x sig ES 


es. ‘SIGNAL 


The 2.4576 MHz external clock ‘signal output from U1LO pin 6 on the TNC siviaeaa the modem with the 


necessary clock frequency at the XTALI/CIK input (pin 24). Solder a wire from JMP 2 ane 2 or 3) to the . 


clock pin. on the modem. connector, P2 pin 1. 
CARRIER DETECT (cD) 

To prevent the DCD LED from remaining ON, cut either the cathode. or anode lead of cR15. Solder a 
wire from the cathode of CR13 to the CD pin on the modem connector, P2pin2-~- this provides the 
carrier detect signal fromthe modem. Since the carrier detect output fromthe modem is used to sense 7 
when a carrier is detected, the RF DCD line. (2° ‘pin 5) should NOT ‘be connected. 

RECEIVED CARRIER (RC) 


The receive carrier input to the. modem is available at the RK AUDIO input on the radio connector, 
J2 pind. Solder a wire from C35 | (the: trace — that connects to o7 and U17 pin 8) to the RC pin on the 
modem connector, P2 pin 4. 

_ TRANSMITTED CARRIER (TC) 


The transmit carrier output from the modem is the modulated analog signal which is sent to the 
AUDIO’ output on the radio connector, J2 pin 1. Cut one'of the leads of R57 aud Solder a wire from the. 
mnode: nene of 33 to a TC pin on the modem connector, P2 pin: 5. ; a 
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INITIAL, CHECKOUT 
Once you have installed all of the components on the PC board, except the Am7910, and performed the 
necessary modifications to the TNC-2 PC board: as described above, plug the modem board into the 
TNC modem disconnect (J4) and connect the 5-way connector to P2. The two trimpots allow the signal 
levels of the transmitted carrier and received data to be adjusted. Preset both trimpots 
counterclockwise until you hear the element "click". Rotate the adjustment screw on RVI (TC) about 5 


- turns clockwise. Measure the resistance from TC (P2 pin 2) to ground arid. set to about 1.2K. Rotate the 


adjustment screw on RV2 (RD) about. 3 turns clockwise. Measure the resistance from RD (Pl pin 19) to 
ground and set to about 1K. These adjustments are only approximate, and should be set to suit your 
particular TNC and radio setup. ; 


Power on the TNC and check to see that there is +5 volt on pin 2 of Ul. Check that -5 volt is on 
pin4 of Ul. If these voltages do not checkout ok, turn the TNC off and check your construction. If all 
is ok, turn the TNC off and install the Am7910. Select the desired: modem configuration by setting the 
switches on the DIP switch according to tables 1 and. 2. Also ensure the radio baud rate on the TNC is 
properly selected. You are now ready for packet operation. 


CONCLUSION eat ; 
The Am7910 FSK modem circuit presented in this article, was designed specifically for the TAPR TNC-2 
andclones, andhasbeen in use inseveral TNCs in the Perth LAN (PERTHNET) for a couple of months 
now. , 


Happy packetina! 


[1] Data sheet and application notes are available from Advanced Micro Devices, 901 Thompson Pl., 
P.O. Box 453, Sunnyvale, CA 94086. 


+5v0 16 


Cl + rig Hl 


100u Ty" 1M 


1K2 


+5V . 
VKBAGC TNC-2 MODEM SEPT 1986 


Bi S 
{sd 
RS 100 
ay VRY 10K 
| 
T0@ 
+SV —C + 
crea R7 1K2 
I ; 
mt) 
GND : 
| ? | 3 Olle [lel | |p| fe sx47aK 


Fig. 1. Schematic diagram for TNC-2 modem 
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